MARSHALL ISLANDS FILE TRACKING DOCUMENT

Record Number: / A/Q

File Name (TITLE): Glest Q}g/w o 3530 7?;;12/

Document Number (ID): ZL/ 7 - y SZD

DATE: %/453 - %? 53

Previous Location (FROM): 4 /C

AUTHOR:

Addditional Information:

OrMVIbox:~~ i
CyMIbox: _ é



UNCLASSIFIED

Technical
Report

distributed by

& 'ﬁ }*7;; >
.. Defense Technical Information Center
DEFENSE LOGISTICS AGENCY
Cameron Station e Alexandria

irginia 22304-6145

UNCLASSIFIED



NOTICE

We are pleased to supply this document in response to your request.

The acquisition of technical reports, notes, memorandums, etc., is an active,
ongoing program at the Defense Technical Information Center (DTIC) that
depends, in part, on the efforts and interests of users and contributors.

Therefore, if you know of the existence of any significant reports, etc., that
are not in the DTIC collection, we would appreciate receiving copies or infor-
mation related to their sources and availability.

The appropriate regulations are Department of Defense Directive 3200.12,
DoD Scientific and Technical Information Program; Department of Defense
Directive 5200.20, Distribution Statements on Technical Documents
(amended by Secretary of Defense Memorandum, 18 Oct 1983, subject:
Control of Unclassified Technology with Military Application); Military
Standard (MIL-STD) 847-B, Format Requirements for Scientific and
Technical Reports Prepared by or for the Department of Defense; Depart-
ment of Defense 5200.1R, Information Security Program Regulation.

Our Acquisition Section, DTIC-FDAB, will assist in resolving any questions
you may have. Telephone numbers of that office are: (202)274-6847,
274-6874 or Autovon 284-6847, 284-6874.

FEBRUARY 1984

#ruU.S. Government Printing Office: 1986—4981-133/43651



e M

U N AT

¢ w m. mamu® cmre

A e e e T g S - - — . ———— .y s

AD-A995 337

PHOTOGRAPH THIS SHEET

/

TINVENTORY
Project 5.3
BLAST EFfFecTs onv B-3C TYPE
RIRCRAFT IN FLIGHT
DOCUMENT IDENTIFICATION
DISTRIBUTION STATEMENT A
Approved for public release;
] Distribution Unlimited '
DISTRIBUTION STATEMENT
&

ACCESSION FOR

NTIS GRAAL
DTIC TAB
LNANNOUNCED
JUSTIFICATION

OO

BY

DISTRIBLTION

AVAILABILITY CODES

DIST AVAIL AND,OR SPECIAL

w-l

DiSTRIBUTION STAMP

JNANNOGUNCED

85 12

16 (13

DATE RECEIVED IN DTIC

DT!Cv

N LECT ™
1
&DEC T

W/

N D

DATE ACCESSIONED

DATE RETURNED

REGISTERED OR CERTIFIED NO.

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDAC

DTIC FORM T0A

neEc A

DOCUMENT PROCESSING SHEET

PREV ()USEDIT! MAY BE USED UNS
S (o] ISRKHAUSTtO

7
»
~



AD-A995 337

5 7?5 \f

RbU\Dmnr.u

R Lok ﬂgl*;‘-;ﬁ g:
) J'm + h
Y\'

e

a0

WT-750
Copy No. 183 A

.

" TEMPO

A8I67

& s

0 W EXCLUSSS “30m 11is
UPSHOT-KNOTHOILE

NEVADA PROYING GBOUN

e e i
,,-4'

\~.

March - June IQ/&
atatementA

D

TECENICAL LIBRARY

of the

AN
“roved for public releass; e MUID FORCES

p?oiggm:m untimited

BLAST EFFECTS ON B-36 TYPE AIRCRA
IN FLIGHT

Classification Char;g &
By Authority of =
CN

,' £ bioy

BV DNAM'_‘L— Date

SANDIA BASE, ALBUQUERQUE, NEW MEXICO

SPECLAL WELPONS PROTEET

el D
.

~4
BLE Reven

HEADQUARTERS FIELD COMMAND, ARMED FORCES ?Ptcmt WEAPONS PROJECT

‘@



Reproduced Direct from Manuscript Copy by
AEC Technical Information Service
Oak Ridge, Tennessee

Inquiries relative to this report. may be made to
Chief, Armed Forces Special Weapons Project
Washington, D. C.

H this report is no longer needed, return to

AEC Technical Information Service
D. O, Rox 40%
Oak Ridge, Tennessee

A .
.

v v gy iT e erewn

.,.,,,.,..,—

v

R m—————r

LN



PR R P B O P I R N e A By - s e e e e

amen UICLASSIED

WT-750

This document consists of 102 pages
3 No. 183 of 220 copies, Series A

OPERATION UPSHOT-KNOTHOLE

Project 5.3

BLAST EFFECTS ON B-36 TYPE
AIRCRAFT IN FLIGHT V..

REPORT TO THE TEST DIRECTOR
Statement A

Approved for public releasa, . i
Distribution unlimited = ”,’31 23 M L

by

Glen F. Purkey T

March 1955

S-SV ) Rl alt . 2221 . .-
\JZ“'..“A. Y Hia rf‘AL.;‘ wr U

He vab ol oo Z00 0 Y Laia it
FOBEGY LISSEMINATION

SECTYION 1440, A .OuIC RNERGY ACT .04
Aircraft Laboratory

Wright Air Development Center
Dayton, Ohio




S S I T e e e

ABSTRACT

This repcrt -ic a presentation of the deta obtained by Project 5.3
on the blast response of a B~36D aircraft flown in the proximity of the
Shot 9 explosion of Operation UPSHOT-KNOTHOLE, The test aircraft was T
the same B-36D aircraft utilized for similar testinz by Project 6.10 dur- 5
ing Operation IVY, ‘The instrumentation was modified to include addi- Do
tional measurements on the horizontal tail. Response msasurements in- =
cluded: nose, tail, wing tip, and center of .-ravity accelerations; wing
fuselage, and horizontal stabilizer bending moments; and horizontal R
stabilizer shear, Peak overpressure at the aircraft was alsc measured, RS

The purpose of the program was to supplement the blast response ) L
data obtained during the IVY tests particularly to investigate more fully oo
the aft fuselare and horizontal stabilizer response characteristics,

The purprose was accomplished eren though the peak loads obtained were

not 2s hizh as desired, The reak stabilizer bending moment measured was

34 per cent of limit load. Peak wing bending moments were somewhat higher e
than those measured during IVY but were still only a fraction of the -
limit allowable. The data obtained by Project 5.3, combined with previ- ’
ous data, will allow a ccmplete check of the present blast/load theory
in the low and medium load ranges, Theoretical extrapolation to loads
approaching desizn limit should be confirmed by additional experimental
data.

The position of the aircraft at blast arrival was such that ths i
reflected shoik wave arrived L.L4 seconds arfter the direct shock wave;
and, because ¢f fortuitous phasing with low amplitude vibrations initiated
by the direct shock, the peax loads produced by the reflected shock were
slichtly higher. However, with proper phasing and shorter time interval
between shocks, the reflected shock could induce peax loads considerably

higher than those obtained from the direct shock. ’
The data obtained by Project 6.10 in IVY are included in this T
report. Ce
]
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FOREWORD

This report is cne of the reports presenting the results of the
78 projects participating in the Military Effects Tests Program of
Operation UFSHCT-KIOTHOLE, which included 11 tests detonations. For
readers interested in other pertinent test information, reference is
made to WT-782, Summary Report of the Technical Director, Military
Effects Program., This summary report includes the following information
of possible general interest.

a.

An over-all description of each detonation, including
yield, height of burst, ground zero location, time of
detonation, amcient atmospheric conditions at detona-
tion, etc.,, for the 1l shots.

Compilation and correlation of all project results on
the basic measurerents of blast and shock, thermal
radiation, and nuclear radiation.,

Compilation and correlation of the various project
resulte on weapons effects,

A summary of each project, including objectives
and results, '

A complete listing of all rerorts coverinz itne Military
Bffects Tests rrojram,
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PREFACE

The primary purpose of this report is the presentation of the re-
sponse data obtained by Project 5.3 on the exposure of a B-36D aircraft
during Shot 9 of Operation UPSiOT-KNOTHOLE., The work was conducted to
provide data to supplement similar measurements made during Operation
IVY, Because of the direct relation between the work performed on the
two operations and the desirability of having the composite data avail-
able in a single reference, the results of both IVY and UPSHOT-KNOTHOLE
are presented in this report,

All usable response data have been presented as curves of the func-
tion versus time. Data relative to method and conditions of exposure are
included. Instrumentation details have been omitted, except where none

standard equirment or procedures were employed. An&lysis of the data
hags been limited to that r.nnihpd to estahlish the eoherance of the da

n
Yoy CoSvavaavis -2 -1 41 We WiV Kavae

The author wishes to take this opportunity to express his appre-
ciation to the many individuals and organizations uho have contributed
to the successful completion of this project. Specifically acknowledged
in the following paragraphs are a few of the individuals and organizations
who provided the assiduous effort which is so necessary to the success
of any operation.

The untiring efforts of Lt. Francis Williams, Assistant Project
Officer of Project 5.3, in accomplishing seemingly #mpossible assignments

in a minimue of time contributed greatly to the sucwess of the B~36D
participatiun.
-l dima PIT lnd mee e WS o b nlra Wma mialbe dairaYerad Qe
lu\-ll \.Lvu;u LD uuw ViIC LJ.J.éll\l CI'€WS WwWNho uuc GO€ TI1ISKS ANVoiLvEQ i
atomic testing, while relying for their safety upom the proficiency of
the resgearch engineers Theair coopera tion and gil‘!“mgpnqn wag most "!"t"—

the research engineers, Their a
Tying. In particular, the author wishes to express his appreciation for
outstanding ccoperation and assistance to Lt. Col. Jerry Hunt, Aircraft
Commander; Lt. Col. Harold Uptcn, Radar Operator; =mmt Maj. Samual Baker,
Flight Engineer, all of the Strategic Air Commanrd.

The portion of this project using the point lzad method was super-
vised by Mr. J. C. Lehmkuhl of the Structures Brandh, Aircraft Laboratory,
WADC, Mr. Lehzkuhl's interest in the point load metthod rendered possible
the measurement of the B-36D horizontal tail loads By this new and com~
letely independent method,

The assistance of the Cook Research Laboratories and the Consoli=-

tad Vultee ALircraftr Corporation in conductinz the noint lozd calibra-

da Vultee poration in conductin g2 the point load callbr
& <
L

ion was greatly appreciated.
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The calculations made to select the aircraft positions were ac-
complished by the Allied Research Associates, Inc. This information is
absolutely necessary in a projgét of this type.

This writer is grateful to have the opportunity at this time to
express his appreciation to the personnel of the Division of Rezearchof
the University of Dayton for their wvaluable assistance in the reduction
of the test data and the writing of this report. In particular, the
personal interest and individual attention given by Mr. Edward Freeh in
the writing of this report was most gratifying.
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CHAPTIR 1

INTRODUCTICN

1.1  BACK3ROUND

with the recent advances in the development of hich yield nuclear
weapons, it has cecome increasingly imrortant to consider the effects
of the wearon uyron the delivery aircraft. Capatilities of present opera-
tional torzerdzent aircraft, as now xnown, will not permit the delivery
of weapons atove certain sizes; the limit yield is generally based upon,
allowable thermal cr olast damare to the delivery airerz{t, although in
crecifi instances other weazon effects could te controlling, The maxi-
mum size th:t can ce safely delivered by a particular aircraft depends
to a ;reat externt upor the deiivery technigue emrloyed., because of the
major role ascigned to 3-36 aircraft in the over-all war plan, a loow-
ledge of vie maximum delivery carabilities of this tyype aircraft is of
primer; interest. sccordingsly, in Oreration IVY where there occurred
the first <est of a nuclear device of megaton vield, an instrumented B=-26
aircrzft was exposed to obtain thermal and tlast response data that could
te used for the verification or modificatiorn of existing analytical tech-
ricues erplioyed to correlate aircraft response wWith thermal and blast
forcins functions. The tlast induced iocads ottained during the two IVY
sncts were 00 low to rrevide 2decuate verification of the blast load
theory at loads approachin, the maximum cazpabilities of the aircraft.
in additicn, +the response dzta from IVY showe2 thet the aft fuselage and
errernace of the b=35 aircraft wers aore vulrer.ble th.n h.d previcusly

teer. recamized, In view of the above, it was deered advisable to instru-

ment furtrer the empennaze of the »~36 aircra’™ and to re-expose it in
Oreration CP3HCT-INCTHCLL at a hicher inrut lewel,

1.2 OnJECTIVE

Trhe objective of this investipation was to suprierert data obtained
in IVY on the vlast response of a o-25 aircraft flyins in the vicinity
of a nuciear detonation, The data will te utilized to substantiate the
tlast/load theory ezrloyed to correlate aircra’t resronse with blast in-
rut. The ultimate oujective is the ceterrinetion of the maximum delivery
capacilities of the 35=36 eircraflt,
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1.3 NATURE AND SCOPE OF INVESTIGATION

F 4

In essence, the work consisted of positioning an instrumented air-
craft at some point in space relative t.o the burst point of a nuclear
device and then of measuring certain of the aircraft responses for compar-
ison with values obtained analytically. Since the purpose of the work .
was to determine delivery capabilities, the aircraft was manned during
the test, and the flight pattern was one that could be used for & bombing
mission.

The same B-36 aircraft employed in IVY blast effects tests was
further instrumented for exposure in Shot 9 (8 May) of UPSHOT-KNOTHOLE.
Instrumentation included the measurement oft overpressure; wing, fuselage,
and horizontal stabilizer bending moments; horizontal stabilizer shear;
and nose, tail, wing tip and center of zravity accelerations., In ad-
dition, photographic instrumentation was employed to measure and record
the deflection of certain components.

KOTE: The remainder of this report is written as a composite presentation
of results ottained by Project 5.3, UPSHOT-KNOTHCLE, and by Project 6.10, ¢
IVY, as mertioned in the Preface.
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CHAPTER 2

PROCEDURE

2,1 GENERAL

This chapter is divided into three main sections presented in
approximate chronological order covering the following subjects: selsc-
tion of aircraft ard criteria for exposure, instrumentation and cali-
bration of aircraft, and field testing procedure. ki brief history of
the operation is given below,

Both the B-34D aircraft and the B-47B aircraft were SAC (Strategic
Air Command) aircra’ft assigned to naDC (Wright Air Development Center§.
The B-360 aircra’t was manned by a crew from SaC; the 3-47B aircraft by
a 4D crew. The B-36D aircraft was instrumerted by personnel from WADC
Aircraft Latoratory during the reriod -9 May 1552 to 15 June 1952, while
the aircraft was located at saright Field. Calibration of the aircraft
by the Structures Tezt facility of aircraft Lavoratory was completed
15 August 1952, Following maintenance work performed at Carswell AFB,
the b=360 aircraft was flown to the forward area arriving at Kwajalein
on 21 Sertexber 1952. The b-47B aircraft was instrumented by AIPL
(Aeronautical Ice “esearch Laboratory) and readied for overseas flight
at arisht-Patterson A~FE. Insufficie~t time was available for calibration
rrior to overseas movement primarily because of maintenance difficulties,
I¢ arrived at Kwajalein on 2 Cctober 1952, both Aircraft participated
in the Mike (1 Love=cer 1952) and King (16 November 1952) shots of IVY.
The r-34D and B-47B aircraft returned to the USA on <l lNovember 1952 and
23 Noverber 1952, respectively. Following the return, Structures Test
facilityv performed a check calitration on the 3-36D aircralt and a com—
plete calioration on the 5-47B aircraft.

Prior to participation in Shot 9 of UPSHECT-K.CTHCLE, the empernage
of the B~36D aircraft was more comrletely instrumented. Insufficient
time was availaktle for calioration prior to the test; however, an instru-
mentation sensitivity check was performed at CVAC (Consolidited Vultee
Adrcruft Corporation) to determine attenuation settings. For partici-
pation in the shot the aircraft was vased at Xirtland arb in Albuquerque,
arrivins tnere aprroxirzately 2 weexs cefore Shot 9. ~fter the test the
sircra®t wac flown wo Fort sorth, Texas, where Convair calicratel the
errenna.~ instruwentation by the point-load syster, as well as by the
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distrituted-load or conventional calibration procedure., Technical as-
sistance was provided by personnel from the Cook Research Laboratories,
Inc,, who were also responsible for reduction of the calibration data.

2,2 SELECTION OF AIRCRAFT AND INPUT LEVELS

This work was conducted &as a part of the over-all problem of de-
termining delivery capabilities of bombardment aircraft. In particular,
it was concerned with feasibility studies relative to the delivery of
high yield nuclear weapons. The actual weapons had not as yst been
developed for air delivery purposes at the time the test aircraft were
being selected. Aircraft considered were limited to those which, from
preliminary estimates of probable over-all bomb size, could accommodate
the megaton yield weapons being developed. In the planning stages of
this experiment available information indicated the present B-36 air-
craft would be capable of carrying bombs of the megaton yleld range,
although its ability to deliver this weapon safely was not known. The
ability of a B-47 aircraft or a B-50 aircraft to accommodate a weapon
of this size appeared doubtful. Consideration of the operational cap-
abilities of B-50 aircraft suggested it was unlikely this type aircraft
would be utilized for delivery of high yield weapons. In view of the
above, plus the fact that structural response data had been obtained on
B~50 aircraft during GREENHOUSE and was to be supplemented during
UPSHOT-XNOTHOLE, it was decided to exclude the B-50 aircraft.

Because of the major role assigned B-36 aircraft in the cver-all
war plan and because of the probability B-36 aircraft can carry and
deliver high yield bombs, highest priority was given to determining the
maximmum delivery capaoilities of 5-36 aircrzft. It was considered de-
sirable to include also a B-47 aircraft in the program even though
budget and manpower considerations would not allow as complete an in-
strumer*=%ion program as was designed for the E-3% airecraft,

The primary consideration in the selection of input levels was
personnel safety. During IVY the Weapcns Effects Element was responsible
for positioninv the aircraft at the optimum lo:xztion for the accomplish-
ment of the mission with due regard for crew safety. In determining the
danger regions for manned aircralt, five weapon effects must be con-
sidered. These may e summarized as follows:

1, Direct samma razdiation

Z., Thermal radiation from the fireball

3. Gamma radiation and turbulence within the cloud
lhe Overpressure of the shock wave

5. Material velocity (gust) of the shock wave

Aircraft maneuvers were designed so that thermal and blast inputs
received would ce similar to those that would tce experienced on a straight
and level flight bombing run., based upon the zbove flight configuration,
calculations were made as to the rinimum safe distance for each of the
two aireraft at detonation time and shock arrival. Preliminary analysis
showed that the limiting criteriin was either tre temrerature rise of
the skin or the ,ust-induced structural loads, Maximum allowacle skin
temrerature rises, set by the University of Califcrnia, at Los Angeles
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(UCLA), were LOOSF for the 0,020 in. magnesium skin of the B-36 aircraft
and 350°F for the 0.025,in. aluminum skin of the B-47 aircraft. Gust
loads were not to exceed 100 per cent limit load for any component. Cal-
culation of tlast-induced loads was primarily the responsibility of
Allied Research Associates, Inc. (ARA). Calculations relative to thermal
radiation were performed by UCLA, ,
Utilizing the most conservative realistic values for all variables
not firmly established, it was determined that the positioning of both
aircraft for IVY would be based upon the maximum allowable skin temper-
ature rise, For the lower yield weapon employed in Shot 9, UPSHOT-
FUOTHOLE, gust~loading was limiting. The exact position assigned each
aircraft for the three shots is given in paragraph 2.4, Field Testing,

2,3  INSTRUMENTATION

Since toth instrumented aircraft were manned, many of the problems
related to data-recording were minimized. Remote control (extermal to
the aircraft) of equipment and telemetering of the data were not neces-
sary. The ecuipment was located in & heated, pressurized compartment
so thet teaperature and pressure extremes were not encountered., Air-
craft vicration and shock acrceleration in the air and also humidity,
fungi, and salt spray on the ground were the main considerations
governing recording eguipment selection,

The sensins elements, bLeing located for the most part in regions
that were neither heated nor pressurized, were subjected during each
flizht to wide temperature and pressure fluctuations, as well as to the
abcove mentiored adverse envirommental conditions. In addition, certain
sersing devices were cubjected to thermal radiaticn, either directly or
indirectly, The above facters were considered in the selection of in-
strurertation,

The major portion of tne instrumentation was devoted to measuring
and recordin: aircraft respenses including hbending, shear, torsion, ard
acceleration measurerents, 7o facilitate correlation of input and re-
sponce, overpressure measurecenis were also made, Jeneral flicht data,
such as airspeed, altituie, and crienta2tion with respect to the burst
roint, were Zetermired ard recerded, Fhoto-raphic instrumentation was
employei for visual resrons: ceterminztions.

2.3.1 Inruts ard Flir-ht Data

The measurement of overpressure-inputs and the obtaining of
general fli-nht data, such as airspeed inc altitude, are discussed in the
sub-parasrrarhs followins, Standard aircraft equipment was used to deter-
rine the cdesired flight variables. Zxisting ecuirment was modified in
soxe instances to prrovide additional indicitors for use by project
personnel operating the instrumentaticn ecuipment.

2.,3.1.1 Cverpressure
Tae types of instrutertation were employed for meacuring over-

prescure incats, ne tyte, tne Hish Frenuency Freccure  Tecorder manu-
Tacturea o Jook Rerearch Laocratories, used a piezoelectris crystal as
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the pressure sensitive element, Because the output of the crystal was
quite low, significant amplification of the signal was required prior
to recording. At the oscilloscope-camera recording wmit the signal was
fed into two amplifiers, one set to produce full-scals deflection for
2 psi inzut and the other set for a full-scale deflection with a 6 psi
input. The equirment wa: designed with a frecuency response of 50 to
250,000 cps.

The other method for measuring overpressurs inputs employed a
Model 3PAD10W ‘Wiancko pressure transducer capable of measuring pressure
differentials to 10 psi. The pressure pick-up consisted of a torsional,
straight line Bourdon pressure element. To this was attached a variable
reluctance armature which was caused to rotate in aceordance with pres-
sure variations on the sensing element. Consolidated Engineering Corpo=
ration 3 kc carrier equipment was used to amplify the gagze output and
supply a rroportional DC signal to a recording oscillograph. The response
to pressure was linear within a3 per cent up to 500 cps with a maximum
rise time of 0.7 msec to 90 per cent of the full-scale output.

2.3.1,2 Altitude

The altitude of the aircraft above MSL was determined by sever-
al pieces of non-recording ecuipment, namely: Radio &ltimeter SCR-718,
Radar bomoing System ("K" system), and the standard amerocid altimeter
used by the navigator. The aneroid altimeter was the least accurate of
the three; however, it was the only instrument that could be used during
zero tirme. The procedure followed was to check the radio altimeter and
"K" syste= radar aczainst each other. If agreement wes obtained the aner-
o0id altimeter was made to correspond with the more atcurate electronic
equipment. The aneroid altimeter was continually checked against the
radio aitimeter until shortly before zero time when the radio altimeter
was shut off. Periodic aititude readings were recoried by the navigator
in the fli:ht log.

2.3.1.3 Airspeed

Airspeed measurements were made by means of the navigator's
aircpeed indicator installed in the aircraft, In beth aircraft ihe in-
strument was calibrated using the "K" svstem radar. The radar ecuipment
was used to determine wind velocity and aircraft velocity relative to
the zround. With this information the correct indisated airspeed could
e calculated. Airspeed indicator readings were retorded in the flight
log periodically by the navigator,

2.3.1.4 Position

In this paragraph are described the equimment used to deter-
mine the location of the aircraft as projected on #d measured with re-
spect to some point on the earth's surface; i.e., msition without regard
to aircraft altitude (in some instances altitude was alsoc determined as
a cecondary result). Methods and equipment are riren-telow:

a, Radar Navigation




b. Bombing Equipme
c. Aerial Mapping
d. Radar Tracking
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pressure transducers and accelerometers. Because bending, shear, and
torsion in a structure can be determined by proper measurement and inter-
pretation of strains developed, bonded strain gages may be used as the
primary sensing elemsnt for the measurement of these response functions,
Consideration of the factors mentioned in paragraph 2.3 led to the choice

of Baldwin EBDF~13D strain gages for all bcnded strain gage use, These >
strain gages had a nominal resistance of 350 ohms and were temperature "
compensat.ed., ! SO

Prom previcus experience it was known that the major problem re-
garding strain gage use would be the obtaining and maintaining of a good, &
atmosphere-tight bond between the gage and the metal. Several methods AR
were tried but because of time limitations field testing was precluded,
The method finally adopted for strain gage application was the conven-
ticnal procedure employing Armstrong cement as the bonding agent.
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2.3.2,1 Bending Moment

Bending momert measurements were made on the wings of both air-
craft and the fuselage and horizontal stabilizers of the B-36 aircraft.
The vending moment gage comrrised four strain gages bonded to the primary
structure and connectecd electrically so as to rroduce an output propor-
tional to the bending induced. A typical bending gage installation em- L
ployed for two-spar structures and a schematic diagram of the electrical A
circuit are shown in Fig. 2.1. The resulting strain bridge, a four-ac- + L
tive-arm Wheatstone bridge circuit, is relatively unresponsive to loads o
other than those producine vertical bending. In some instances the bend-
ing of individual spars was measured and the bridge outputs combined, in
a manner determined by special calibration, to give total tending moment,
The installation was essentially the same as that shown in Fig. 2.1 for
the two-spar structure, except that all four strain gages were placsd
on the one spar, two at the top and two at the bottom, using the same
electrical interconnection, In the B-36D aircraft, fuselage bending is
absorbed by the four main longerons., To determine fuselage bending, one
gage was located on the inside of the outer flange of each longeron for .
a total of four pages. The standard bending gage bridge circuit wes
employed to combine strain gage outputs.

CULE UL
DRI .
.

2.3.2,2 Torsion

The torsion bridge, an installation for direct measurement of
torsion, was located in the left outer wing panel of the B=26 aircraft.,
Sixteen strain gages were located on the inside and outside surfaces of
the skin tetween the front and rear spar; eight gages on the upper skin,
four inside and four outside, and eight gages on the lower skin. &
sketch of the installation and schematic circuit diagram is shown in
Fig. 2.2. The resulting circuit is essentially a four-active~arm
nheatstone bridge circuit somewhat analogous to the terding gage except
that there are four strain gages rer arm, 4

2.3.2,3 Shear

Two tyres of shear reasurements were made: the direct measure-~
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ment which employed 2 shear gage designed to cancel the effects of tor-
sion and measure total shear on the component directly, and the indirect
method, wherein the shear in individual structural memb was measured

The output of the latter'ﬁgée was not used directly but was combined
with the cutput of other gapes in accordance with an empirically deter-
mined formula to yield a value for total shear,

As with the torsion gage, the shear gage emrloyed 16 strain
gages and was likewise located in the left outer wing panel of the B-36
aircraft. Placement of the strain gages on the webs of the front and
rear spard and the electrical interconnection therecf are shown in
Pig, 2.2, The resulting circuit is a four-active-arm Wheatstone cvridge
very similar to that employed for the torsion gage. The installation
used for measuring shear in a single spar is shown in Fig, 2,3.

2.3.2.4  Acceleration

The Statham, Type A~18, accelerometer was used for all acceler-
ation measurements. Accelerometers covering the range of 6 g and
=12 g and having & nominal tridge resistance of 350 ohms were selected,
These transducers are accurate to 1 per cent of full scale with a re-
gponse to transverse acceleration of not more than 2 per cent. Darping,
0.5 to 0.7 of critical, was provided by a special silicone fluid, Tem—
rerature of the unit was maintained constant by means of an internal,
thermostatically controlled, heater unit,

2.3.3 Tesponse Sign Convertion

For convenience in indicating the direction of response, an arbi-
rv sign convention had teen adonted for use in this rerort n the

Sages WU LR R0l 8 ) S0P LV e Visasr ATV Ve ass wiiw

iritions velow, a ncrmel £light conf 1guration is assumed., The
ositive direction for the various responses is defined as follows:

'v Qt*
1]
(n DQ |))

a, #cceleration, hormal - an increase in the upward velocity
or decrease in the downward velocity of the aircraft or
any component thereof.

b. berding (Aft Fuselage) - tail deflection upward, compresasion
in upper surface,

c. beniing (Wings arnd St

aDllLZCTS/ ~ tip dellection upward,
compression in the upper surface,
2 (e aremstm e st v &1 AL Ol rnvanrhin) cwmascmiime mslimcen maa L o d e
U VSO pieosSuwi e - LNEe dLiil€rertias DICSOWUI T AUoYLe ~eChi b prca-

sure,
Shear { ﬁnc arnd Ztabilizer ) - tip deflection u

- . Yy * Y
[ Liavas sEVLLALCl3, = LapP LOLATLLVAC v W RGe ey Geis

sign as posltxve cerding.
Torsion (Wing) - leading edge of wing deflected upward with
respect to remainder of wing.

la)
.

2.3.,L Recording Equipment

The major portion of the data was recorded by means of a s*andard
r»cording oscillopreph., where very fast response was required, a modified
cszcilloscore with a recordins cemera was emrloyed. The princinle of oper-
zticn and salient features of the recorders and associate ecuinmer® are
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discussed in the sue;paragraphs below,

2,3.4.1 Recording Oscillographs

Consolidated Engineering Corporation, Type 3~114~P-3, 18-chan-
nel recording oscillographs were used to record all response measure-
ments, Selection was based upon previous experience which indicated
this equipment., if properly installed, would adequately record the de=
sired data under the anticipated test conditions. Further, the equip~
ment was immediately available. The oscillograph was made insensitive
to aircraft vibrations and blast-induced shock accelerations by simple
shock mounting. No special modifications, other than provisions for
increasing paper speed by overriding the governor, were deemed necessary,
Pertinent information relative to the oscillograph and operation thereof
is summarized below:

a, Active data channels
b, Power . . . .

. 18, plus one dynamic reference
24-28 volts DC

Ce Paper width . . . . . 7 ino
d. Paper length . . . . . 125 ft
e. Record speed used . . . 6 in./sec

f. Approximate maximum N
recording time . . . . 250 sec
g Timing marks . . . . . 0.0l sec intervals

Outputs from the sensing elements are in the form of fluctu-
ating DC voltages. Operation of the oscillograph depends upon converting
the electrical output of the various gages into a proportional galvanome-
ter deflection that can ve recorded as a function of time. To accomplish
this, oscillographs are equipped with galvanometers of the D'Arsonval
type having a mirror attached to the upper tension support. Thus mounted,
the mirror follows the movement of the galvanometer coil, To record the
galvanometer movements, a beam of light is reflected by the mirror onto
a moviag sheet of photosensitive paper. The resulting trace on the pho-
tozraphic paper is a permanent, time-history record of the variation of
the resvonse function being measured. Galvanometers are chosen on the
bases of sensitivity and frequency response required for the type of
measurenent teing made, A separate galvanometer is used for each chan-
nel.

A Consolidated Engineering Corporation Type 8-104A Bridge
Balancing Unit was used to couple the sensing devices to the oscillo-
graph and provide the proper bridge voltage and bridge balancing resiste
ance., In addition to the above functions, the bridge unit also provides
a known bridge unbalance for calibration purposes, adjusts the input cir-
cuit resistarnce so that the galvanometer is properly damped, and provides
for signal attenuation. A schematic of a typical four-active-arm bridge
including the bridge balancing unit and oscillograph is shown in Fig.
2.L. Bridge voltage, surplied from a 24 volt aircraft lattery, is ad-
justed by means of the rheostat shown. The bridge is then taianced by
means of the bridge balance potentiometer so that there is no deflection
of the galvanometer. If the sensing element were now subjected to a
measurable input, the Wheatstone bridge would vecome unbalanced producing
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Fig. 2.4 Schematic Diagram of Recording Circuit Showing Strain Bridge,
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a signal that would be transmitted through the bridge balancing unit to
the galvanometer in the oscillograph which in turn would cause a beam
of light to be deflected from & zero position on the moving sheet of
photographic paper. If the signal is too strong, it may be attenuated
by changing the attenuation switch from position 1 to position 3. The
calibration device is used as & rapid check on the sensitivity of the
system. It does not aid in determining the relationship between gage
output and the measured function. The calibration device provides a
known bridge unbalance by putting a resistance in parallei with one of
the arms of the bridge which in turn produces a certain galvanometer de-
flection which is a measure of the over-all sensitivity. This operation
is generally referred to as a "calibrate step." If the unbalance is such
that the galvanometer deflection is in the direction designated as posi-
tive, it is known as "cal plus"; if the deflection is in the opposite
direction, it is known as "cal minus,"

A photosensitive device manufactured by Edgerton, Germeshausen &
Grier, Inc., and known as & "blue box" was employed to provide a time
reference on the oscillograph record, The device is actuated by bomb
lighting and, hence, can be used to indicate burst time. The unit was
located in the bottom of the fuselage aft of the rear crew compartment.

2,3.4.2 High Frecuency Pressure Recorder

¢

The High Frequency Pressure Recorder, Type FR-3, was manufac-
tured by Cook Research Laboratories. In conjuction with the crystal
microphone pressure transducer explained in paragraph 2.3.1.1, the system
was capable of measuring recording pressure transients as a function of
time. Basically, the system consisted of a pressure transducer that sup-
plied an electrical signal to the horizontal deflection plates of an
oscilloscope causing a beam deflection recorded by a continuous strip
camera, The oscilloscope, a modified Type 279 Du Mont Dual-Beam Oscillo-
scope, had an amplifier for each of two beams. The gain of these amplifi-
ers was so adjusted that for one amplifier a 2 psi input would cause full-
scale deflection while the other amplifier required 6 psi on the crystal
to produce full-scale deflection. The system was calibrated in the air
by introducing a LOO cycle square wave signal of the proper magnitude to
simulate the transducer output corresponding to a 2 psi pressure differw
ential,

2.3.5 Photography

Motion picture photography was employed to measure the deflection
of various components as a result of blast loading. Displacements were
to be measured with respect to the part of the aircraft upon which the
camera was mounted. The cameras, a total of five, were mounted as a
unit atop the fuselage between the wings at fumelage station number 785,
The virg tips, nose, and empennage could be viewed from this location,
?ylons we§e placed on the wings ard aft fuselage as relerence markers

Fige 2.5).

The cameras comprised three 16 rm GSAP cameras and two, Model H,
35 mm Carera-Flex cameras, The GSAP czreras arnd Camera-Flex careras were
operated at speeds of €4 frames per seconc and 128 frames per second,
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respectively. The cameras were disposed as follows: one GSAP and one
Camera-Flex camera viewingythe left wing, one GSAP and one Camera-Flex

Fig. 2.5 Pylons, Left Wing
B=36 Aircraft

camera viewing the tail, and
one GSAP camera sighting for-
ward along the top of the fuse-
lage. Figure 2,6 shows the
camera installation with the
cover off and cover in place,
Operation of the cameras was
controlled manually by a switch
in the aft crew compartment.

2,3.,6 Location in Aircraft

Location of the sensing
devices and instrumentation
equipment installed in the two
aircraft is described for each
aircraft in the sub-paragraphs
below. The instrumentation of
the individual aircraft was not
changed between Mike and King
Shots, For Shot 9, additional
instrumentation was added to
the B-36 empennage.

2,3.6.1 B-36 Aircraft

The location of sens~

ing elements and recording equip-

ment utilized on the B~36 air-

craft for IVY is shown schematically in Fig. 2,7. The code numbers are
used to cross-reference Fig. 2,7 and Table 2,1 which supply additional
detail on the various installations., The aircraft was instrumented for

1), resronse and two input measurements,

The pressure transducers were

mounted in the boom on the left wing, shown in Fig. 2,7, to minimize the
influence cf the aircraft on the free air overpressure measurement. In-
strumentation was located either in the fuselage or the left side of the

aircraft, except for one bending gage installed in the right wing to check

loading symmetry. The metnod of installing and electrically connecting
the various gages has been discussed earlier in paragraph 2,3.2, which
also includes sketches of typical installations.

The oscillographs and associate eguipment were located in the

aft crew compartment shown in Fig, 2.8,

The view shows the left side

of the compartment looking forward. The table occupies the space nor-
mally used by the lower bunk. Two of the four oscillographs mounted on
the table are shown. The oscillograph in the foreground was used to re-
cord btlast data; the remaining three were used to record thermal data,
To facilitate switching from main to spare gages ar. to permit
recording any of the gage outputs on any of the 16 channels, a selector

panel, shown in Fig. 2,9, was installed,
re also shown. 7he high frequency pressure recorder used in the measure-

The bridge balances employed
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Fig. 2,7 Location of Instrumentation in E-36D Aircraft for IVY
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TABLE 2.1 - Instrumentation, B-36D Alrcraft, IVY
[ ]
A
Reference Galvanometer Location
Number | Measurement |Type (CEC No.) Component \,
1 Acceleration =215 Nose Wheelwell, Fus, Sta, 12 -
2 Acceleration 7-225 Lower Right Main Longeron, Fus. Sta. 907, (Bomb Bng)
3 Acceleration 7225 Lower Left Main Longeron, Fus. Sta. 907, (Bomb Bay
4 Acceleration 7239 Rear Spar, Horizontal Stabilizer, Fus, Sta. 1770
5 Acceleration 7-239 Wing Tip, Left Wing, Sta. 1340
6 Pressure 7-223 Boom on Left Wing, Sta., 1301
7 Shear 7-215 Front & Rear Spar Web, Left Wing, Sta. 1062
8 Torsion 7-239 Upper & Lower Skin, Left Wing, Sta. 1062
9 Bending Moment 7-215 Caps, Front & Rear Spar, Left Wing, Sta., 1062
10 Bending Moment 7-215 Caps, Front & Rear Spar, Left Wing, Sta, 60
1 Bending Moment 7-215 Caps, Front & Rear Spar, Left Wing, Sta. 390
12 Bending Moment T-215 Caps, Front & Rear Spar, Left Wing, Sta, 110
13 Bending Moment 7-215 Caps, Front & Rear Spar, Right Wing, Sta. 390
14 Bending Moment | ~7-215 Upper & Lower Main Longerons of Bomb Bay, Fus, Sta, 1040
i5 wending Moment 7-215 Caps, Front & Rear Spar, Left Stabilizer Sta., 62
) L

.......
......
e o




Fig. 2,9 Selector Panel, Aft Crew Fig. 2.10 High Frequency Pressure
Compartment, B-36 . Recorder, Aft Crew Com-
partment, B-36

‘.
*
VRN

ORI 1. g
.'.‘- ,'!
. N

Y
e

»
o

7 "\‘ .

3 ..'."-' v;v{-
g
)

v
o

v
L

RLand

.

-~
DA

| e



ment of the peak overpressure of the blast wave is shown in Fig. 2.10,
The Fairchild continuous strip cemera is shown in position. Operation
of all recording eguip-
ment, including the
cameras measuring com-
ponent deflection, was
controlled from one
panel shown in Fig,
2.11, The blue box
fiducial was mounted
in a specislly con-
structed housing in the
bottom of the fuselage
aft of the rear crew
compartment., The hous-
ing had a window lacing
to the rear to admit
bomb light to the in-
strument., An external
view of the installation
is shown in Fig, 2.12,
Instrumen~
Fig. 2.11 Master Control Panel, B-36 tation for UPSHOT-
KHNOTHOLE was the same ¢
as that for IVY except
for the additional
measurements made on
the horizontal tail.
Figure 2,13 in conjunc-
tion with Table 2,2
shows the instrumen-
tation employed, A
total of 1L strain
channels were recorded:
two were a direct meas-
urement of total bend-
ing; six measured the -
shear of individual
spars; and the remain-
ing six measured the
bending of individual
spars., Outputs from
Fig. 2.12 Housing for blue Box beneath aft the 12 single spar shear
Fuselsage, B-36 and bending strain
bridges were ccmbined
to obtain total Lending, total shear, and torsion &t the three instru-
mented stations.

2.3,6.2 B=L7? Aircraft

Slast response instrumentation of the B-&7 aircraft was limited
to four rmeasurements: two wing vendirg moments and two accelerations.
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TABLE 2,2 - Instrumentation, B-36D Empennage UPSHOT-KNOTHCLE

Reference Galvanometer Location
Number Moasur-ement Type (CEC No,) Component
1 Spar Shear, Front & Rear Spar, Right Horigontal
(One Bridge/Spar) 7-215 Stabilizer Station U4
2 Spar Shear, Front & Rear Spar, Right Horisontal
(One Bridge/Spar) 7-245 Stabilizer Station 62
3 Spar Shear, Front & Rear Spar, Left Horisontal
(One Bridge/Spar) 7=215 Stabilizer Station 62
L Spar Bending, Front & Rear Spar, Right Horizontal
(One Bridge/Spar) 7-212 Stabiliser Station 144
5 Spar Bending, : - Front & Rear Spar, Right Horirzontal
(One Bridge?Spar) 7-212 Stabiliger Station 62
6 Spar Sgndin7. Front & Rear Spar, Left Horisontal
(One Bridge/Spar) 7-222 Stabiliser Station 62
7 Total Bending, Front & Rear Spar, Right Horisontal
{One Bridgs Total) 7-212 Stabilizer Station 62
8 Total Bending, Front & Rear Spar, Left Horizontal
(One Bridge Total) 7-212 Stabiliser Station 62

i

-
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3 - BENDING MOMENT

Fig, 2.14 Location of Instrumentation in B47B Aircraft for IVY
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FPigure 2.1l is a schematic of the aircraft showing instrumentation lo-
cation; Table 2.3 provides additional details. The bending gages measured
total bending moment and were similar to those used on the wing of the
B~36 aircraft, The oscil®ograph was installed in the aft portion of the
cabin and operated remotely by the co-pilot. A view of the installation
4is shown in Fig. 2,15. |

Los

Pig, 2.15 Oscillograph Installation, B-4L7B Aircraft
2¢3.,7 Calibration

Because of the difficulty involved in predicting the precise ree
sponse of a particular part of a ccmplicated structure for a given load
condition, and because of the individuality of each recording channei,
it is generally necessary to calibrate puilt-up strain gage instrumenta—
tion experimentally, by applying known incremental values of the related
function and correlating gage output with the applied loads, rather than
ty theoretical calculation. The above experimental procedure was follow-
ed for the calibration of all bending, shear, and torsion gages installed
on both airerzft with the exception of the additional instrumentation
installed on the B-26D empennage for UFSHOT-KNOTHOLE. The additional
gages installed on the empennage were calibrated by a system known .s the
point load" system. With this system a given response function is deter-
mined by properly combining the outputs of several bridges instead of
using the output of a single bridge as in the standard procedure. As
explained in the NACA Report Th2993, the coint load system is capable of

3%
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TABLE 2,3 - Instrumentation, B-47B Aircraft, IVY i

i

Reference Galvanometer Location

Number Maasuronent Type (CEC No.) Component i

!

1 Bending Moment 7-215 Caps, Front and Rear Spars, Right Wing ;

. Station 186 ;

2 Banding Moment 7-215 Caps, Front and Rear Spars, Left Wing :

S Station 186 :

i

3 Acceleration 7-212 Center of Gravity, Bomb Bay Fuselage :

: Station 587.8 .

N Acceleration T-212 Aft Fuselage, Battery Compartment, i

Fuselage Station 1121,5 )
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greater accuracy than the conventional method, particularly where vari-
able and 1rregula;y104d1ng is involved, e.g., the center of pressure on
the wing displaced toward the trailing edge.

The purpose of any calibration is the establishment of a rela- .
tionship cetween instrumentation output and the magnitude of the function
being mezsured. Experimental calibration is sometimes approximate be-
cause of the difficulty in 81mulat1ng ectual inputs of a known, control-
lable value, as for example in the calibration of a pressure transducer,
Reliability of many experimental calibrations, therefore, must be deter-
mined, in part, from theoretical considerations. The procedures used
in calibrating the instrumentation installed in the B-36 and B-47 air-
craft were primilary the same as those uszd in past operations. These
procedures are described in detail in Chapters 2 and 3 of Greenhouse
Report WT-31.,”

2.3,7.1 Pressure and Acceleration

As mentioned previously in paragrzph 2.3.1.1, both the Wizncko
pressure gage and the Cook High Frequency Pressure Recorder were used
for overpressure measurements, The former gage utilized a torsional
diaphrasm-variable reluctance transducer, whereas the latter gage employ-
ed a crystal microphone as the pressure sensing element. The output of
coth zages was amplified prior to recording; however, the zmplifier ¢for
the crystal microrhone did not respond to frequencies below 20 cps,

Thus, the Coock systzm could not measure static pressure levels as could
the Wiancko g=ge.

For cezlitrztion, the vwianko gage was hooked-up as it was for
actual operation and the circuit balanced for zero galvanometer deflec-
tion. Using the calitrate steps provided in the bridge arcplifier, a
positive and negative calibration step was introduced into the circuit
and the resulting galvanometer deflections measured. The gage was then
subjected to various positive and negative pressures of known value to
determine galvanometer deflection as a function of pressure. The deflec-
tions were read as percentages of the deflection ottained for the cali-
brate step and were recorded as percentages of cal-rlus (positive cali-
bration step) or cal-minus (negative calitration step). The galvanometer
deflection ottained in the calibration step is defined as 100 per cent
cal. The resuliing calitraticn curve for the gage is a rlot of pressure
versus per cent of a known calicrating signal %per cent cal). The cali=-
bration curve was drawn as a straight line, If the data points were
found to deviate significantly from a straight li-~e after repeated cali-
brations, the gage was not used., Theoretically, a linear response should
be obtained. after the static pressure calitration, the gage was re-
checked in a shock tube,

The Cook High Freauency Pressure Recorder contains a calibration
circuit that produces a 0,62V 40O cycle square wave output whizh is equi-
valent in voltage level to the output of the crystal when subjected to
a blast pressure of 2 psi. This signal is introduced into the system at
the pressure transducer and follows the carme path as the tra:.ducer signal
to produce uitim:tely a trace on the photo -rarhic record., The maximum
displazement of the trace represents the displacement that will be cb-

tained for a 2 psi inrut if the system is orerating properly. Over-all
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operation of the pressure measuring device was checked by measuring
blast pressures produced in a shock tube, Accuracy of the instrument
was found to be within the accuracy
of the calibration.
. Accelerometers were cali-
- brated by subjecting the instrument
IR to known accelerations while con-
nected to an oscillograph through a
bridge balance unit in the manner
employed for field measurements.
* Desired accelerations were obtained
; . by using ¢ device known as a "shake
. e . — —— table." As for the pressure gage,
= positive and negative calibrate steps
were obtained, and the final cali-
bration expressed as acceleration
versus per cemt cal, A typical cali-
bration curve is shown in Fig, 2,16,
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2.3.7.2 Bending, Shear, and Torsion

L ,\
b

The calibration procedures
Fig. 2.16 Typical Calicration described in tiis section apply only
Jurve for Accelero- to instrumentation designed such that
meter ’ the output of & single bridge, con-
sisting of from 4 to 16 strain gages,
is used to determine the value of the response function. Calibration of
the cending, shear, and torsion gages, as defined &iove, will be termed
stardard or conventional calibration and is pasically the same for the
three gage types. In essence, the calibration comsists of subjlecting
varicus portions of the aircraft to certain known laeads, such that the
exact value of a particular functicn, for examrle, tending moment, can
te caliculated at a given gage location. Gage ocutpatts are then related
to the calculzted values of their related function over the desired
range, ‘

To calibrate for wing rending moment, it was recessary to sup-
port the aircraft at points along the fuselage so ‘that no load was car-
risd oy landing gear attacned to tne wings. =~ dead weiint relieving load
was tnen applied at various points along the «ing mrd the ages balanced
for zero output. Incremental distributed loads were tnen applied in
gradually increasing amounts up to a maximum allowaiie value and then re-
moved arain in a sindlar step-wise manner until the zero stress condition
was again atteined. The gage output was reccrded each <ime the applied
lezd woz changed for both the loading and unioading phases, The gages
were celibrated for both up~bending and down-tendinmy., Calicration steps
were emrloyed as ctefore and the final calicratiorn wxpressed as in-1b of
berding moment versus per cent cal. Calicration o ‘he tending mages on
the fuselage and horizontal statilizers was accomrlisned by the sane
me+hoi used for wing tending calitration. air: mminted landin,s wear was
allowed to take _oad while calitrating the {.selarr ani empennarge,
Frazework and apparatus used to apciy the c..iiratin,; .oads are snown
in 7ig. 2,17.
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Shear gages were calibrated coincidentally with the bending
gages. Calibration consisted of summing applied loads outboard of the

Fig. 2.17 Calibration of B-36D Aircraft Empennage in Structures Test
Facility of Aircraft Laboratory

gage location and plotting these loads as a function of the galvancmeter
deflection expressed as a percentage of cal., The only torsion gage was
installed in the left outer wing panel of the B~36D aircraft, For cali-
bration, a dead weight relieving load was apriied so that bending and
shear stresses, as well as torsional siresses, were reduced to zero at
the gage location. As before, the gage was balanced out and czlibration
steps taken, after which a vertical force couple was applied outboard of
the gage, such that the leading edge was deflected upward and the trail=-
ing edge downward and vice versa [or the negative torsion calibration.
Because torsion was applied by a couple actiom, the total bending and
shear induced was zero. The torsion applied was determined by the magni-
tude of the force coupie and the distance of the points of aprlication
from the elastic axis, The in-lb of torque zgplied for each load incre-
rent was calculited, and gage output, exprcssed as a percentage of cal,
was piotted versus torsional response in in-1lDb.
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2.3.7.3 Point Load System

The National Advisory Comdttee for Aeronautics (NACA) has
developed and presented in NACA Report TH 2993, & method for measuring
shear, bending moment, and torsion in the principal 1ifting or control
surfaces of an airborne aircraft. This method, as utilized in this in-
vestigation, is hereafter referred to as the Point Load Method. The
point load method differs from other methods of strain gage instrumen-
tation primarily in the manner in which the three principal terms perti-
nent to load investigations, i.e., shear, bending moment, and tcrque,
are separated. In the past, strain bridge installations for the meas-
urement of loads on aircraft have been made using many schemes for re-
ducing the effects of cross coupling and interaction. Most of these
schemes are still quite valuable in the field of less complex structures,
but as the structures beecme more complex, errors increase and the
principles of these methods become more and more difficult to apply.

The point load method is based on the premise that, in general,
the strain along &ll lines through any point in a structure is a function
of shear, bending moment, and torque. The point load system consists
essentially of a method of separating these principsl functions. This
is accomplished by a method of caliocration and mathematical analysis of
the calicration data.

Point loads were applied on 13 points of each semi-span of the
qorizontal tail surface for four different conditions. Combined gage
equations were then derived from these data. The equations express the
relationship between the response of the selected bridges and the de-
sired function. A detailed presentation of how the point load method
of instrumentation was calibrated and employed to measure blast loading
is given in NACA Report TN 2993,

2,4 FIZLD TESTING PROCEDURE

After the aircraft were instrumented, as described in paragraph
2.3, they were flown to check out the instrumentation and then readied
for overseas flight for participation in IVY. The IVY tests, conducted
at the Facific Proving Srounds in the Fall of 1952, comprised two shots,
Mike and King. Both the B-36D and the B-47 aircraft were flown in the
two IvY shots., In the Spring of 1953, the B-36 aircraft was exposed
during Snot § of UFSHOT-KNOTHCLE tests held at the Nevada Proving
Grounds.

The field testing procedure consisted cf two essential parts:
positioning the aircraft for the desired inputs and operation of the
instrumentation equipment for measuremert and recording of the resvonse
data, The position selected was a point in space where, from predicted
data, the maximum allowable input would te realized if the weapon yleld
reached its upper limit. To position the aircraft at the point selected
with a maximum of accuracy and a minimum of danger required precision
timing ard flawless navigation. The procedures emplcyed for exposing
the two aircraft are given below,
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2.4.1 B=36 Aircraft

On Mike Shot, the B-36 aircraft was to be flying straight and
level at an altitude of 40,000 ft and heading away from ground zero at
burst time and shock arrival. Since allowable temperature rise was the
controlling factor, aircraft position was based on slant range at time
zero and not at shock arrival, The minimum safe distance at burst time,
based on a 20 MT yield, was calculzted to be 91,200 ft; the expected
slant range at shock arrival thus tecame 140,000 ft, Figure 2,18 shows
the flight pattern designed to position the B-36 aircraft for Mike Shot.
Intended positions at time zero and shock arrival are shown,

The B~36 aircraft left Kwajelein Air Base at 0300 hours on the

morning of shot day and flew to the assigned orbiting area over the .

Eniwetok Atoll, drriving approximately 3 hours before scheduled shot
time, The prescribed orbit was maintained by means of radar navigation
using an I.P. (initial point) on Runit Island. During the orbiting,
flight instruments such as altimeters and airspeed indicators were cross-
checked and wind velocity determined. Knowing wind velocity and the pre-
scribed maneuver after leaving the orbit, it was possible to calculate
the exact time, based upcn time zero, the aircraft must leave the I.P.

in order to be in proper position at the time of detonation, With this
information, and knowing the time recuired to complete one revolution

of the orbit, it was possible to determine the exact time the aircraft
must pass over the I.P. each pass up to shot time., Slight corrections’
were made each revolution to keep crossing the I.P. at the calculated
tin2, On the last pass the aircraft flew straight over the I.P., con~
tir.ed in straight and level flight for the proper time interval, then
made a 90° turn to the left and flew straight away from the vertical
line through ground zero as shown in the sketch referred to above., Test
altitude was maintained for a short period after shock arrival to permit
an instrumentation check,

Beginning in the afternoon of shot day minus one, a complete in-
spection and functional check~out of the instrumentation was conducted,
A1l cameras were checked, loaded after sunset, and set for remote con-
trol operation. Approximately two and one-half hours before take-off
time on shot day, another complete instrumentation check-out was begun.
After take~cff, the instrumentation eouipment was turned on and all chane
nels checked while climbing to the test altitude of 40,000 ft.

All strain channels were calanced while the aircraft was ir a
leg of the orbit, that is, in straight and level flight. Thus, loads
measured would be those in excess of the normal (one g) flight loads.
Balancing of strain gages continued until 15 minutes before time zero,
at which time a new magazine was installed in the oscillograph, At this
point all instrumentation equipment was operating but the recording
equipment was not turned on., Five minutes before time zero protective
coverings were placed over all winiows, Ten seconds before scheduled
shot tine all recording equipment was activated. The equipment was al-
lowed to run until at least one minute after shock arrival, A clearing
run was made about 10 rinutes after s.aock arrival while the awccraft
was still at the test altitude.

On King Shot, the second

[%

shot of IVY, the B-36 aircraft was re-
exposed in a manner similar to a

t employed for Mike Shot, The predicted
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Fig. 2.18 Assigned Position and Flight Pattern of B-36D Aircraft for Mike Shot Showing Flight
Times from Leaving Orbit to Blast Arrival
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o hot, the intended slant range
at zero time and shock_arrival was reduc to 3&, ft and 62,500 ft,
respectively. King S#ot was an air drop and, therefore, it was neces-
sary to synchronize all maneurers, time-wise, with the drop aircraft,
Figure 2,19 shows diagrammatically the planned flight pattern of the
B-36D aircraft for King Shot. Operation of the instrumentation egquipment
was essentially the same as that employed for Mike Shot.

For Shot 9 of UPSHOT-KNOTHOLE, the B-36 aircraft was bzsed at
Kirtland AFB, The position assigned ror participation in Shot 9 was
determined by the allowable load on the horizontal tail, To permit posi-
tioning at a higher blast input, the weight configuration of the aircraft
was adjusted so as to obtain a download on the horizontal tail. This
was accomplished by loading 25,000 lb of bombs in the forward bomb bay

to v-t-rv'lnnn a fnwnv-rl ahift in the center of gravity, Annnnn&wng for the

v~a aS=vawy T w S ali Al

initial downloaé’on the tail, the minimum safe slant range at shock ar-
rival, assuming a 34 KT weapon yield, was computed to be 26,500 ft. The
flight pattern designed to achieve this slant range is shown in Fig. 2,20,
The test aircraft flew an orbit identical to that flown by the drop air-
craft except that the orbit was displaced upward 3000 ft and forward
Le30 ft. The test aircraft maintained the proper orbit by using a form
of radar navigation known as "station keeping." The "K" system radar

was used to maintain the desired slant range betwesn the drop aircraft
and the test aircraft, and an altimeter was utilized to keep the aircraft
at the correct altitude, The procedure for data recording was approxi-‘!
mately that employed for IVY.

2,4.2 B=47 Aircraft

The different structural configuration and performance character-
istiscs of the B-L7 aircraft allowed it to be positioned closer to the
turst point at time zero than was the B~-36 aircraft, At burst time and
shock arrival on Mike Shot, the B-47 aircraft was to be flying straight
and level at an altitude cf 35,000 £+ and heading directly away from
ground zero. If the weapon yield reached the predicted upper limit, the
maximum allowable temperature would be induced in the 0,025 in. aluminum
skin if the aircraft were at a slant range of 75,600 ft at burst time.
Positioning on this basis, the resulting slant range at shock arrival
becomes 181,948 ft. The flight pattern set-up to position the aircraft
for tne shot is shown in Fig. 2.21., The aircraft left Kwajelein Air
Base at 0810 hours on shot day and proceeded to the orbiting area east
of Eniwetok Atoll to begin the prescribed flight maneuvers., As with the
B-36 aircraft, the flight plan called for orbiting until a specified in-
terval before time zero, then leaving the orbit and executing a 90° tum

to the left at the proper time so as to orient the aircraft with the tail .

toward the explosion prior to burst time. DBefore the maneuver was com—
pleted, the radar equipment failed causing the aircraft to be out of
position.

The three man crew of the aircraft comprised the pilet, co-pilot,
and navigator, thus allowing no instrumentation engineer aco.rd during
the £flight, The final instrumentation check and balancing of strain
channels, therefore, was comrleted prior to take-off, A comrrehensive
instrunentation check-out was scheduled for the day before the test and
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Fig. 2,20 Assigned Position and Flight Pattern of B~36D Aircraft for Shot 9
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Fig. 2.22 Assigned Position and Flight Pattern of B~47B Aircraft for King Shot




repeated on the morning of shot day. After the final check, all switches
were left in operating position except the oscillograph drive switch.
At time zero minus 5 seconds, the co-pilot turned on the oscillograph
drive switch, then turned it off again after a 5 minute interval, After
landing, the balance was checked before shutting off power. Since the
strain channels were balanced while the aircruft was on the ground, the P
loads measured included the normal flight loads, as well as loads in-
duced by the blast. The data presented in the results section are given
in terms of loads above normal (one g) flight loads, These loads were .
obtained by using the flight loads just prior to shock arrival as a
zero reading for the wing bending moment. These values were checked by
determining total load using the ground balance and subtracting out the
(one g) flight load, Results from both methods were in good agreement,
The position selected for exposure of the B~47 aircraft in King
Shot was an altitude of 35,000 ft and a slant range of 54,600 ft at
shock arrival. The flight pattern is shown in Pig, 2.22. An orbit was
again employed for synchronization with the drop ship; however, after
leaving the orbit, a straight and level flight configuration was main-
tained, Operation of the instrumentation was as explained for Mike
Shot.

2
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CHAPTER 3

RESULTS, MIKE SHOT

3.1 GENERAL

The experimental device for Mike Shot was housed in a structure
located on Elugelab Island in the Eniwetok Atoll. It was detonated at
0800 on the morning of 1 November 1952, The hydrodynamic yield was
reported as 10,4 MT. This yield was considerably higher than the pre-
dicted most probable yield used as the basis for adjusting instrument
sensitivity, and as a consequence certain channels of information were
unintelliginle for a short period after shock arrival because of the
wide fluctuations caused by the higher~than-anticipated in uts, After
burst time and before shock arrival, the B-36 aircraft was allowed to
lose approximately 1500 ft of altitude in order to increase flying
speed. The aircraft was leveled off at an altitude of approximately
38,500 ft prior to shock arrival. Position at shock arrival, except
for the lower altitude, was approximately as planned., Acceptable blast
response measurements were made; overpressure measurements did not evince
a high degree of reliability. No blast response instrumentation data
were obtained from the B-47 alrcraft becauss of its excessive range ab
shock arrival,

3.2 AIRCRAFT POSITICH, INPUTS, FLIGHT DATA

Data relative to the conditions of exposure for each aircraft are
given in the sub-paragraphs below. ¢here several measurements were made,
the best average value is reported, Meteorological data such as the
magnitude and direction of the wind at the test altitude were not re-
corded.,

3.2.1 B~35 Airzcraft

Data pertinent to the exposure of the B-36D aircraft in Mike
Shot are summarized below:

a, Altitude, MSL, 38,500 ft
b, Horizontal range at shock arrival, 127,100 ft

53
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¢, Slant range at shock arrival, 132,800 ft
d. True airspeed, 278 knots

e, True ground speed, 254 knots

f. True heading, 187°

8. Aircraft attitude, L° nose high

h. Angle of incidence of shock front, 16.8°
1. Shock arrival time, 102.8 sec

j. Peak overpressure (WADC), 0,33 psi

k. Peak overpressure (AFCRC), 0,22l psi

1. Gross weight at shock arrival, 232,000 1b
m. Center of gravity loca*ion at shock arrival, 36.4% MAC

The actual position of the B~36 aircraft reletive to ground
zero and assigned position is shown in Fig. 3.1. The position is based
upoa data from the aircraft "K" system radar, the U.5.5. Estes radar
track, IBEDA photos, and calculations using time of shock arrival, The
peak overpressure measured by instrumentation asboard the test aircraft
was 0,33 psi; however, the ratio of signal level to noise level was dis-
cwragingly low and the reading thus obtained of doubtful accuracy. The
Air Force Cambridge Research Center (AFCRC) calculated the overpressure
at the B=36 aircraft position from canister data and arrived at a figure
of 0,22 psi. In view of the supposed accuracy of this calculation and
the lack of confidence in the dire:tly measured value, it is recommended
that the figure of 0,22 psi be regarded as the more representative over-
pressure input.

3.2.2 E~47 Aircraft

Eecause of a radar failure, the B-47 aircraft at shock arrival
was at a slant range 25 per cent greater than that inteeded., From avail-
able data, it has been estimated that the aircraft was at a slant range
of approximately 224,000 ft at shock arrival., The assigned altitude of
35,000 ft was maintained. No blast response data were @otained; as a
result of the increased range, the oscillograph recordimg paper was ex-
hausted Lefore shock arrival, approximately 189 sec after burst time.
The AFCRC calculated that the peak overpressure input realized by the
test aircraft was 0,14 psi, Thus, even if the response data had been
recorded, the loads would have been so small as to render the data of
iittie valiue,

3.3 RESFONSE MEASUREMENTS

Blast response measurements presented below are frem the B-36 air-
craft only, since malposition resulted in no data for e B-47 aircraft.
Only those data deemed reliable have been presented. Im a few instances
where positive trace indentification could not be made, the curves are
presented in dashed form, The data are presented as tirms~histories;
zero time was taken as the time the shock struck the tail.

3.3.1 Bending Moment

Curves of bending moment above normal flight ieuds vs time are
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presented for the wings, fuselage, and horizontal stabilizers in Fig. 3.2
through Fig. 3.8¢ The first 0.15 sec after shock arrival are shown as

a dashed line for the bending moment of the left horizontal stabilizer,
Pig. 3.8, because the trace could not be followed continuously through
this interval. All bending gages yielded acceptable results.

|
3.3.2 Acceleration :

Tail, nose, and center of gravity acceleration records are pre-
sented in Fig. 3.9, Fig. 3.10, and Fig. 3.11, respectively. The wing
tip accelerometer provided no usable data., Because of the wide, rapid
fluctuations of the acceleration traces at shock arrival, the traces
could not te read with any degree of accuracy until O,4 sec had elapsed,
These curves have not been faired, elthough some fairing is indicated
for certain analyses, ’ :

3.3.3 Shear and Torsion

No shear or torsion data were obtained., The shear gage was in-
operative prior to the test, The torsion gage output was recorded, but
the data obtained were not reliable,

5 ACTUAL POSITION AT SHOCX AREIVAL
¢  LNTIXDED POSITION AT SHOCK ARRIVAL
~~-- INTENDED TRACK
——  ACTUAL TRACK

B-16 B47
IXTENTRD POS. ACTUAL POS. IFYINDED FUS. ACTUAL POS,
HOBRIZONTAL RANGE 134 ,000! 127,100¢  178,550" 221,400
SLANT EANGE 340,000' 132,800 18),98° 224, ,100"
’ ALTITUIR 40,0001 38,500 35,000° 35,0001
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CHAPTER 4

RESULTS, KING SHOT

4,1  GHIERAL

The King Shot weapon was dropred on the Runit Islard target by a
B-36H aircraft at 1000 hours on 16 November 1952, The burst height was
approximately 1500 ft ana the radiochemical yield was S4LO KT. Both test
aircraft were exposed to the weapon outputs. The B~36 sircraft was at
a greater range than interded; however, usable response data were ob- ¢
tained, '

4.2 AIRCRAFT PCSITIOHM, INPUTS, FLIGHT DATA

Supplemental data relative to the exposure of the B=36 and B=47
aircraft in King Shot are summarized in the sub-paragrephs below, A
diagram showing the location of each aircraft for King Shot is shown in
Fig. 4.1,

Le2.1 B=26 Aircraft

Data required for analysis of the response mezfurements made on
the B-36 aircraft during King Shot are summarized below:

a, Altitude, MSL, 32,000 ft

b. Height of Burst, 1500 ft

¢. Horizontal range at shock arrival, 85,200 7t
d. Slant rarge at shock arrival, 90,530 ft

e, True airspeed, 237 knots

f+ True ground speed, 252 knots

g. True heading, 90°

h. Aireraft attitude, 4° nose high

i. Angle of incidence of shock front, 19.7°

j. Shock arrivsl time, 77.2 sec

k. Peak overpressure (WADC), no reliable data
1. Peak overprescure (AFCKbS, 0.16 psi

m. Gross weight at shock arrival, 260,000 1b

n. Center of gravity location at shock arrival, 35.9% MAC
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The sircraft position at shock arrival was 28,000 ft farther
from ground zero than originally planned. The wide discrepancy is at-
tributed to the failure of the "K" system radar. The position quoted
is based upon calculations using time of shock arrival and upon crew
estimate, At shock arrival the aircraft was out of range for the radar
ahoard the U,S.S. Estes; hence no radar track data wore obtained., No
reliable overpressure data were obtained from instrumentation aboard
the aircraft, primarily because of the low input level.

L,2.2 B-47 Afrcraft

Data, other than response measurements, pertinent to the exposure
of the B«47 aircraft in King Shot are summarized below:

a. Altitude, MSL, 35,000 ft

b, Height of Burst, 1500 ft

c¢. Horizontal range at shock arrival, 26,00 ft
d. Slant range at shock arrival, 42,760 ft

e. True airspeed, LLO imots

f. True ground speed, 412 knots

g. True heading, 68°

h., Aircraft attitude, 1° nose high

i. Angle of incidence of shock front, 51,4°

J. Shock arrival time, 32,2 sec §
k. Peak overpressure (AFCRC), 0,336 psi

1, Gross weight at shock arrival, 120,000 1b

4.3 HRESPONSE MEAZUZEMENTS

Measurements made on the blast response of the B=36 and B-47 air-
craft in King Shot are presented in the sub-paragraphs below, All data
are presented as time-histories with only the obvious, small amplitude
oscillations faired out. The time axis is based upon time of shock ar-
rival &t the tail., To obtain time relative to burst time; for the B-36
aircraft add 77.2 sec; for the 5=47 aircraft add 32,2 sec,

4L.3.,1 B=26 Alrcraft

because the B-36 aircraft was too far from air zero on this
shot, the forcing functions, ard therefore the measured loads, were
lower than anticipated, The dzta are of value; however, their utility
in checking the blact-load theory would have been greatly enhanced had
the responses been scveral-fold higher., The peak measured bending moment
of the horizontal stabilizer was only 12 per cent of limit load.

4.3.1,1 Bending Moment

cending mement measurenents are presented in terms of tending
moment above, or celow, normal {(one g) flight loads, Wing, fuselare,
and horizontal stazcilizer bending measurememts are presented in Figs, 4.2
through 4.7. ncceptabhle results were ortained from all bending pages,
except the root Le:cing cage on the let’ wimg. This gage was found ine
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operative prior to take-off and no recording was zttempted.
L.3.1.2 Acceleration

Normal acceleration data for the tail, nose, and center of
gravity are presented in Figs. 4.8 through 4.11, No usable data were
obtained from the accelerometer in the left wing tip. The sharp spikes,
characteristic of acceleration measurements of this type, have not been
faired out,

L.3.1.3 Shear and Torsion

beth the shear gage and the torsion gage in the left outer
wing panel were inoperativ: prior to the test; hence, no data for these
responze functisns were obtained,

he3e2  B-47 Aircraft

The b=L7 aircraft was essentially at intended position at blast
arrivel, The four response channels all produced usable data. The wing
pending motent measurements are presented in Figs, 4.12 and 4.13; the
vertical acceleratvion measurements are presented in Figs, 4.l4 and 4,15,
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CHAPTER 5

7 RESULTS, SHOT 9

5,1 GENERAL cet

The Shot 9 weapon was dropped on the Frenchman Flat testing area
by a B-50 aircraft at 0729 hours (PST) on 8 May 1953. The burst height
was 3423 ft adove ground level or 5558 ft MSL. The yleld by radiochemi-
cal determination was found to te 26 KT, The B-36 aircraft took part in
this test; the B~47 aircraft did not., Gecause of the lower yield, the
test aircraft was positioned closer and more nearly over the burst point
for Shot 9 than was possible with the larger yield weapons in the IVY
tests. In the position chosen, the aircraft received both the incident
and reflected shocks., The response to the two shocks was remarkably
similar, Jood blast resronse data ware obtained,

5,2  AIUCHART FOOITICN, INFUTS, FLIGHT JATA

Information pertinent to the exposure of the B-36 aircraft in
Shot § is swmmarized below:

a. Altitude, Y3L, 25,135 £t .

o, weapon turst heigzht, 2,23 It above zround level, 5553 4 MSL

¢. Horizontal ran-e at shouk arrival, 14,500 ft

d. OClant rarn-e at first shock arrival, 24,700 ft

e, True airspeed, 262 knots

£, True grouné sreed, 185 knots

Z. “rue headiny, 2500

h, Aircraft attituie, 2,59 rose high

i, argle of incidence of :zhock front, 54.8°

3. Bhock arrival time, Tirst shock, 1.05 sec; second shock
25447 sec

k. leak overpressure (WadC), 0,15 rsi (firet shock)

1. Fesk overrressare (aF :2,, 0,165 rsi (first shozk)

m.  Cualluletec ,sross weigst at fnesk srrival, Z40,563 15

Jereer o srav oty Looaticn b osndcx arrival, 22.7F MAC
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system radar, aerial mapping camera photographs, calculations using time
of shock arrival, and from optical ground tracking data, The actual
position was essentially th:et intended. The measured overpressure of
0.15 psi agrees reasonably well with the calculated value of 0,165 psi.

5.3 RESPONSE MEASUREMENTS

The blast response measurements made ms the B-36 aircraft during
Shot 9 are presented in the sub-paragraphs fellowing, Measurements on
the tail were made according to two instrummtation procedures arbitrar-
ily defined as the point load method and tke conventional or distributed
load method., The response data obtained by the two methods were in good
agreement, In the plotting of the data as time-histories, the time axis
has been troken such that the “irst and seeond shock appear one above
the other for ease of comparison, Zero time was taken as time of shock
arrival as in the Mike and King presentations.

5.3.1 DBending Mcment

Curves of incremental bending moment above "one g" flight loads
as measured by the convertional method are reported in Figs, 5.1 through
5.7. The stabilizer bending moments measered by the point load method
are presented in Figs. 5.8, 5.9, and 5.10. The left wing bending mombnt
at 3tation 390 has oeen reported, Fig. 5.1, although it is believed this
value is in error. The reasons for suspecting this measurement are set
forth in the Discussion. Except for the sbove, all bending gages yielded
data considered valid, Point load bending dats were in general agree-
ment with conventionally measured values,

5.3.2 Acceleration

Tail, nose, and center of gravity normal aceelerstion data are
presented in Figs. 5.11, 5.12, and 5.13, mespectively, Wing tip acceler-
ations mezsurements were not made, Sharpspikes were not averaged, but
rerorted as read from the records,

5.3.3 Shear

Shear was meuasured on the horizontal stabilizer by the point
locad method., From a cursory comparison, fie sheur data are in agreement
with what would be expected on the Lasis oY tending measurements., The
shear data are presented in Figs. 5.14 thrugh 5,16,
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CHAPTER 6

DISCUSSION

6.1 GRNERAL

Since it is not economically feasible to obtain sufficlent empiri-
cal data to permit accurate prediction of structural loads for the var-
jety of parameters that must be considered in the operational planning
of a nuclear strike, it is necessary to employ analytic methods, the
reliability of which has been adequately demonstrated by actual flight
testing. The data presented in this report were obtained primarily for
the verification of a technique for calculating gust-induced loads in
aircraft flying in the vicinity of a nuclear explosion. Because of the
spread between maximum probable and most probable ylield for the experi-
menital devices being tested, and the necessity of pesitioning on the
basls of the maximum probatle yield, the peak loads realized were gener-
ally well velow design limit. Further, on two of the three shots, the
aircraft were positioned at blast inputs lower than the maximum allow-
able becauce thermal criteria were controlling., Nevertheless, reliable
blast response data were obtained which should prove adequate for the
correlation, verification, and if necessary the revision of the present
blast/load theory. The direct application of these data to the blast/load
theory i3 bteyond the scope of this report. Therefore, the discussion
presented here has been confined to a rather general survey of the re-
sults, intended primarily to establish the validity and limitaticns of
the data presented, Since the data presented on tie B-47 aircraft are
limited to four measurements, the discussion will refer to the measure-
ments made of the B-36 aircraft, unless specifically stated otherwise,

Although the data presented in this report were gathered under ad-
verse environmental conditions, it is believed instrumentation procedures
were such that climatic snd other effects did not sppreciably influence
instrumentation accuracy. For the overseas tests, the aircraft was com—
pletely calibrated before and after the operation. Couparison of the
post-test calibration with the pre-test calibratiom afforded an excel-
lent check on the stability of the instrumentation., That over-gll in-
strumentation precision was well within the standard accuracy limitations
generally attributed to the type of instrumentatiom employed is adequately
cemonstrated by the excellent agreement between measurements »f the hori-




sontal tail loads made by two different and completely independent
methods,

Frior to IVY, the cesipn limit upload on the horizontal tail of
the b-36 aircraft was ruolished as 33,00 lt. Further analysis and re-
calenlation by Corsolidated Vultee Aircraft Corporation (CVAC) after
IVY produced 8 revised design limit load of 63,000 lb. This higher fig-
ure was later confirmed by static tests conducted by CVAC under contract
to waDC. The tests were not -ompleted until aftet Shot 9; therefore,
the =36 aircra:rt was positioned cn the lower allowanle tail load for
this shot, as well as the two IVY snots. 1ln this report, however, all
coi varisons of meisured loads with desiyn limit load are made with res-
pect to the hi:her fijure of 63,000 it. On this busis the peak measured
load ~as only LS5 per cent of desim limit loud; however, if calculated
on the sare tusis used to position the aircraft, the peak measured load
would have arpproached more closely the decsipn limit.

In all exiosures tne aircra’t were positicned with the tail toward
the explosion; therefore, symmetrical loadins on the wing and horizontal
tall w~as erjected,

oo CINTG LENSTNS
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sendin, mescurements on the risht and left wing at station 390
weprre e cuivalent for Mike and King Shots vut differed greatly in Shot 9.
Althourh no 4irect ev.cernce has teen found that would invalidate either
of the weirurerents, for reasons given ovelow it is believed the lower
value, whi'h wis th:t mearured on the left wing during Shot 9, is incor-
rect, ond asywmetrical loadin, 13 not indicated,

To letermine whether or not meLsured values were in approximate
mreemert relotive to each other, the maximum positive bending moments
measured at eccn instrumented gtation for each shot, except for the sta-
tion farthest outooard, were plotted as a l'unction of the distance from
the sircraft center line. The resultin, curves drawn Zor each shot are
shown in Fig, A.1. The relationship of terd!{:; moment versus span cal=-
culated for the condition of uniform load shows it is reasonable to ex-
vect a plot of peak values to jroduce a curve of the peneral shape shown,
1.e., iigher loads at the invtoard stations, decreacing with increasing
spdn, S dynamic analysis would be required to detzrmine the exact curve
at any ziven time, The avove method of cumrarison provides a good check
on the validity of the tnst dute, The pesi: Lending moments from station
1067 have not veen plotted because the influrnce of the higher vibration
modes caused the peak value to te reached at a much earlier time than
for the instrurented stations inboard of -tation 1062, The response
curves of the suspect measurements made at station 390 are practically
identical. except that the left wing measurement consistently equals one-
half the right wing measurement. This low rcading can easily be explain-
ad as an instrumentation failure; however, execluding data reduction er-
rors, it is almost impossiole for an inctrumentation failure to cause a
hipgh reading. The peak value of these Shot 9 messurements have both
beon rlotted in Fig, 6.1. The curves precic .24 were Irewn ¢ the basis
of the composite data, ex~ludins the point- in ouest:ion, and show that
the hi~her value is in the recion predicted oy the curve, whercas the
lower value falls censicerably telow the curve., Il the Shot 9 curve
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were redrawn to favor the lower value, the resulting curve would neither
follow the trend established by the uvtner two curves nor represent what
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Fig, 6.1 Peak Positive Wing Bending Moments Measure in Mike, King, and
Shst § Flotted versus wing Station (Expressed as Distance in -
Inches from Aircraft Center Line)

would lorically te expected. In view of the uhove, the data from the
stition 390 installation on the ripht winr is regarded as the correct
measurement {or Shot 9,

The curve for Shot 9 rises somewhat more sharply at the inboard
stations than wnat misht be expected fiom the chape of the Mike curve,

It should he remembered, however, that in Shot 9 the aircraft was ex-
posad to a bemo of considerably lower yield st a position where the angle
of hlast incidence was closer to the normal., In addition, the weight
confipguration was such that more welght was contentrated in or near the
fuselayre for Snot 9, This was accomplished by loading 25,000 1b of bombs
in the forward bomb bay and carrying the majority of the fuel in the in-
board tanks. A theoretical evaluation of the effect of the above dif-
ference should explain the apparent deviation,

The peakx iLending moments measured were, in general, quite low with
the highest scomewhere in the neighborhocd of 10 per cent of limit load.
The low values did not materially effect the instrumentation accuracy.
The over-zll sensitivity was sufficient to provide adeguate galvanometcer
deflection, and the resultant dutu are telicved Lo pousess the accuracy
percrally attriouted to the meagturement of aircraft structural loads in
flight,




BT T R R T Y .
PO C e T S T LT e L, R et Ul T . % & ® s 4 e e @ - -w.m-

6.3 STABILIZER EENDING

The time-history curves for bending measurements made at station 62
of the horizontal stabilizer during Mike and Shot 9 are shown in super-
position in Fig, 6.2 to facilitate comparison of the two responses, To
obtain a clearer presentation, the curve for King Shot was omitted; how-
ever, since the stabilizer response in King Shot was similar to that of
Mike except for amplitude, comparisons of Mike arld Shot 9 will suffice
to show general response differences, As shown in the figure, both
curves show the characteristic double peak followed by a lower peak.
Furthermore, the pecaks occur at approximately the same time in both
curves and are displaced from each other at approximately equal inter-
vals, suggesting the peaks correspond with the natural frecuency of the
stabilizer, Thus, the repgularity and sirilarity of response obtained
in the three independent tests lends strong support to the conclusion
thal the duta represent actusl tending stresses induced,

Other than msgnitude, the only essential difference betwcen the
Shot 9 and Mike responses is the relatively high negative bending moment
measured in Shot 9 and undetected in Mike, The return to zero after the
rositive pulse was more gradual in Mike and no appreciable negative bend-
ing moment was attained., This difference in stabilizer response is at-
trituted rrimarily te the difference in positive phase duration of the
shock w.ave on Mike and Shot 9. The longer positive phase in Mike Shot
causec the upload un the stabilizer to te maintained for a longer time,s
thereiy inhiviting the natural spring-back of the stabllizer. LEecause
of this effect, the peak neyutive bLending moment was both delayed and
of a low amrlitude, The maximum tending moment recoided was during Mike
Shot of IVY. This value represented LS per cent of the present design
limit load, During UPSHOT-KNOGTHULE, only O4 per cent of design limit
ioud wis realized, However, s explained before, these values are based
cn the new decign limit load that was verified after the tests. If the
old limit load were used, their values would have been much higher.

The bendinz moments meisured on the horizontal tail of the B~36D
aircra’t usinyg tne conventionil method were in good agreement with the
point loud rmethod., For Shot § the bendin, moment measured at station 62
on the -~ight stabilizer was slishtly lower than that measured on the left
for ooth the conventional and point load method, The shear, measured
only by the point load system, 1s also lower ot station 62 right than
at ctation 62 left, There sre seversl rossible explanations for this
difference in measured lo:ds., The most prooable explanation is that the
test aircraft was not pointed directly usway from the explosion, thereby
giving a side load on the vertical fin thet was transmitted to the hori-
zontal stabilizer, A load on the Lcft side of the vertical tail would
tend to increase the vending norent on ‘he left horizontal tail and de-
crease the vending moment on the right horizontal tail,

Since the loads measured by two completely independent methods
agree; i.e., both methods give higher values on the left side, it is
believed tnat the mezsurements are correct and that there is a definite
reason for the difference.
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6.4 FUSELAGE BENDING

The aft fuselage bending moment measurements obtained at station
1040 on the B-36 aircfaft for the three shots are shown as superimposed
time-history curves in Fig, 6.3. From the figure it can ce seen that
the curves for Mike and King are quite similar, especially in thq early
portion, but differ in t.is region from the Shot 9 curve. The peak posi-
tive value is reached at approximately the same time, 0.18 sec, on all
three shots; however, the Shot 9 curve swings negative earlier and
reaches a considerably higher negative value. The response curve for
Shot 9 is also more r=gular, having no secondary peaks in the first posi-
tive swing.

Tne differences noted cobove are not unexrected if it is assumed
that the fuselage vending stresses, at least initially, are primarily a
function of the leads on the horizontal stabilizers. It was noted in
varagraph 6.3 that after the first positive peak the horizontal stabi-
lizer bending moment for Mike and King remained positive for a longer
time than it did in Shot 9, and, further, in Shot 9 a considerably higher
nezative bending moment was octained. The duration of the first positive
swing of the stabilizer in Shot 9 was sufficiently short so that it was
approximately in rhase with the fuselage, thus helping to produce the
large negative fuselage bending moment observed. The longer duration
of the upload on the stabilizers during Mike and King shot retarded the
downtending of the fuselage causing relatively lower negative bending
moments. It is therefore concluded that the observed deviation repre~ ¢
sents no reason to cuestion the wvalidity of the curves presented.

6.5  ACCILIRATION

The acceleraticn measurements made on the three different shots
were not very similar, except for the undesirable high frecuency oscil-
lations characteristic of impact loading. These high frecuency oscilla-
tions are caused by the vibration of the particular structural member to

" which the accelerometer is attached. 7The desired measurement is the net
acceleration of this member, i.e., the over-all reaction of the aircraft
at the accelerometer locaticn., If the reaction of the member is such
that the net vertical acceleration is considerable in comparison to the
viireticnal acceleration, it is possible to obtain the desired accelera-
tion vy sraphically averaging the original curve. If the relative magni-
tude of the undesired oscillaticns is too great, the averaging procedure
is imrossible or &t test questionable. In liike Shot the oscillations
were ¢f such & magnitude and frequency as to render the initial position
of the traces unreadable, After the spurious oscillations diminished,
the traces vecame readable and ylelded good data. The blast input on
King Shot was too low to provide acceleration data of value eguivalent
to Mike Shot, From an over-all standpoint, Shot 9 provided the best
acceleration me.surements octained.

The readable portion of the like acceleration data show that the
nose, tail, und center of cravity accelerations were roughly in phase 0.4
cec »fter shock arrivel, OJince in !llike Shot the blast wave struck the
tail Lefore the wings, one =ould expect a nitching motion to result, If
this “iid occur {acceleraticn “ita are unavailable), the motion darmped
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out in less than 0.4 sec. Whereas a complete time-history of nose, tail,
and center of gravity accelerations were obtained on King Shot, the low
response limits the valuc of the data. The high amplitude fluctuations
make determination of an average value for the early portion rather
questionable, and the lower values thereafter are of limited utility,

It should be possible to draw realistic average curves from Shot 9 ac-
celeration data adequate for data correlation purposes. For instance,

a smooth curve very similar to an overpressure time curve for a blast
wave can be drawn through the Shot 9 center of gravity acceleration
data.

6.6  SWMURY

Prior to IVY, the measured structural responses of test aircraft
and the theoretical analysis indicated that normailly the wing is the
most critical component if the aircraft is flying directly toward or
away {rom the burst point. However, the loads measured on IVY and UP-
SHCT-KNOTHCLE definitely estaolished that the most critical component
of the B-36 aircraft for a tail-on exposure was not the wing, Based on
the initial allowable tail load (38,200 1b), the horizontal tail was the
rost critical; however, using the new allowable load (63,000 1b), there
is :onsiderable doubt as to which component, aft tuselage or horizontal
tail, is the most critical.

From the loads measur., on these two operations, the most critical
component cannot be delinitely determined. The horizontal tail loads
were approximztely 50 rer cent of design limit, and the loads measured
on the fuselage waere apnroximately LO per cent of design limit, However,
the fuselage loacs were measured at a station which may not be critical,
cefore the most critical component can ve determiried, the data presented
in this report must bve used to rerform a complete analysis of the aft
fuselape section response, Trese ¢.ta then should be verified by in-
flizhit measurements at the critical stations. In seneral the theoreti-
cally predicted loaus for the wing sectior of the b-3€D alrcraft were
in asreement with the measurea ioads, 7Tre predicted loads for the aft
fuselare ana tail section, nowever, were low for IVY and high for UPSHCT-
2CTHTLE., There has veen a dynamic analysis conducted on the wing = .c-
'ion of the B=36D aircraft but rot on the aft fuselage or tail section.

zecause must induced loads cause acceleration and vitration of the elas-

: irplane structure, the metrod of dymamic analysis must be employed
nalyti: determination of s<rucstural lsads. Therefore, a complete
yrnatiz ana1v51s is required for accurate rrediction of aircraft loads
o*~n-ntahoﬂ in the vizinity cf a nuclear explosion.

In Fig, 6.4 the normal cernter of gravity acceleration and the wing
rcot tending moment are rresentel for comrarison. It can te clearly
seen {rom tnis fl,yure thet tre ~irg vending moment and rormal accelera-
tion are of the sare frequency ani relutive magnitude. Theoretical
analysis has snown this ir an ecre:ted -orrelation.

The loads mezsured frem tne srcund-reflected shock wave on the
horizontal stabilizer and aft fusela, e were hi-ner than those from the
direct shock wave. This fact can te seen very clearly in the Shot 9
respencse data rresented in chazter 5, It also :zn we seen froc these
time-nisturies thit tne vitraticn fror tne direct chock wave had not
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completely darped out at the time of the.reflected shock arrival, L.LL
seconds later, The timing was such that the response to the reflected e
‘'shock was in phase with the vicrations produced by the initial shock,
thereby producing hirher loads for the second shock than the first.
Although this couplinz effect caused only a small per cent increase in -
the total load measured, there are conditions where the effect colild be L
consideratiy ~reater. ..
The blast loads measured on the b-A7 aircraft and presented in
this report substantiate the theoretical prediction that for straight-
over wearcn delivery, therral, nct tlast, criteria are controlling.
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CHAPTER 7 ¢

CONCLUSIONS AND RECOMMEXDATIONS

7.1 CCRCLUSICNS
Prom the data presented in this report it is concluded that:

1. The aircraft losds presented will permit the correlation, veri-
fication, and if necessary the revision of the present blast/locad theory
for loads up to 50 per cent design limit,
2. The aircraft loads presented are valid, accurate, have good
repeatapility and correlation, and are of sufficient quantity and quality
to e used with confidence,
3. The most critical component of the B-36 afrcrsaft for tail-on
fust losding is either the horizontal tail or aft fuselapge. "
L. There is a definite requirement for a complete dynamic analysis

on the b>-36 aircraft.

5. Phasing of the responses from the direct and reflected shock -

waves and the total time interval vetween shocks can be important factors
in the gust loading of an aircraft.

6. Fer straight-over delivery techniques, blast lecacing will not
limdit the maximum delivery czxpabilities of B=47 aircrafe.

Te2  RICCHMIZITATIONS

It is recczmended that:

1. Thne aircraft loads presented be used to correlate, znd if
necessary revise the rresent clast/loac theory.
. A complete dymamic analysis te conducted on the >-36 type air-
craft, )
3., The most critical corronent of the b=26 ajrcraft te defined
and if necessary additicnal loads ce reasured for verification.
L. A study te initiated ty %“aDC to define the conditions under o
whizh the coupling effect tetween the initial and reflected snock waves
become critical., Also, th.t the prctacility of this occurrerce ce ex—
plored and if this occurrerce is realistic for wearnon delivery, that it -
be added to the "feasibtility" dia;rams.
5. The information in this report be made available to the
Cperaticnal Analysis Jection of the Strategic Air Command.
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